Next, we tested whether selective chemogenetic activation of SOM+ interneurons over a large portion of 4 2 cortex (bilateral frontal + parietal) would promote a prolonged increase in SWA. We chose a chemogenetic 4 3 approach because it allows for sustained depolarization of SOM+ cells without enforcing highly synchronous 4 4 activation as in optogenetic experiments. To control for its possible sedative effects, the selective ligand 4 5 clozapine-N-oxide (CNO) was injected in SOM+ mice expressing the excitatory receptor hM3Dq AAV, and in 4 6 other mice expressing non-hM3Dq AAV (controls). The effects of SOM+ cell chemogenetic activation on 4 7 behavioral state and spectral activity in specific frequency bands were assessed using linear mixed effect (LME) 4 8 models that included mouse as a random effect, as well as day (baseline, CNO), condition (group, e.g. hM3Dq, 4 9 non-hM3Dq), and time (hour) as categorical fixed effects. Specifically, we tested for a significant condition by 5 0 day interaction, since we hypothesized that there would be differences between groups on the CNO day but not 5 1 on the baseline day. If a significant interaction was detected, post-hoc tests (adjusted for multiple comparisons) 5 2 were used to confirm whether a significant increase or decrease was only present during the CNO day. With this 5 3 approach, we could isolate the specific effects of SOM+ cell activation above and beyond the effects due to 5 4 CNO injection alone (controls). The same statistical approach was used for SOM+ cell inhibition and PV+ cell First, we confirmed that CNO administration in SOM-Cre mice expressing hM3Dq drove activation of Fos -5 7 a marker of neuronal activity -in SOM+, hM3Dq+ neurons, indicating that the drug was able to activate its 5 8 target cells in vivo ( Figure 2A ). Next, SOM-Cre mice previously injected with either hM3Dq AAV or non-5 9 hM3Dq AAV (n=6 mice/group) were administered CNO (5mg/kg) midway through the light phase, when most 6 0 sleep pressure has dissipated. After CNO injection mice continued to cycle through sleep-wake states and 6 1 NREM sleep was characterized by decreased muscle tone, slow waves in both frontal EEG and LFP signals, 6 2 and OFF periods in MUA ( Figure 2B ,C), suggesting that qualitatively, physiological sleep continued following 6 3 SOM+ cell activation. Quantitatively, relative to controls, SOM+ cell activation resulted in a sustained increase 6 4 in NREM SWA in both the EEG (p < 3e-5) and M2 LFP (p = 3.6e-10) that lasted for the rest of the light cycle 6 5 ( Figure 2D ). Further spectral analysis in M2 found a broad shift toward lower frequency activity during NREM 6 6 sleep, with a significant increase in SWA, theta (6-8 Hz), and alpha (8-15 Hz) bands and a decrease in beta (15-6 7 30 Hz), low (30-60 Hz) and high (60-100 Hz) gamma bands (beta, p = 0.028; alpha, p = 0.002; all others p < 1e-6 8 8 for Hrs 7-12; Figure 2E ). There was no difference in spindle power between groups (p=0.93; Suppl. 2B) and a significant decrease in spindle incidence (p = 2.9e-6; Suppl. Figure 2C ). Similar effects -increased 7 0 SWA, alpha, theta and beta power and decreased low and high gamma power -were present in REM sleep (p < 7 1 1e-7; Figure 2E ). In wake, SWA increased (p < 0.0005) and high gamma decreased (p = 6.9e-6; Figure 2E ).
2
Sleep architecture was also modulated by SOM+ cell activation, with a trend towards increased NREM sleep 7 3 and a significant decrease in wake and REM sleep ( Figure 2D ).
4
To compare the effects of SOM+ cell activation to well-known procedures that lead to increased sleep 7 5 pressure and SWA, we subjected the same SOM-Cre/AAV-hM3Dq animals to sleep deprivation through 7 6 exploration of novel objects for 6 hours during the first half of the light phase, a period during which mice are 7 7 normally asleep. Consistent with previous studies [32], we found that sleep deprivation led to an early (first 7 8 hour of recovery) increase in SWA (p = 2e-16), theta (p = 2e-16), alpha (p = 2.2e-15) and beta activity (p = 7 9 0.007) during NREM sleep and in theta activity during wake (p = 2.8e-6), as well as to an increase in time spent 8 0 in NREM sleep (Suppl. Figure 3A,B) . Thus, the enhancement of slow frequencies after SOM+ cell activation 8 1 resembles that induced by sleep deprivation. The incidence and slope of the slow waves -two additional, highly and NREM sleep following chemogenetic activation showed that in all cases slow waves were largest in the 8 5 LFP recordings from deep layers and were accompanied by OFF periods across all layers (Suppl. Figure 3F ), suggest that the stimulation of SOM+ cells may promote the same physiological mechanisms underlying sleep 9 0 slow waves.
1
Other SOM-Cre mice were injected with the inhibitory receptor hM4Di (M4+, n=5 mice) or non-hM4Di 9 2 AAV (M4-, controls, n=5 mice). After CNO, hM4Di+ mice did not differ from controls in the time spent awake 9 3 or asleep. By contrast they showed, during NREM sleep, a persistent decrease in SWA ( Figure 3A-D) , 9 4 associated with a decrease in the incidence of slow waves (N/min, 33.4 ± 2.0 vs. 29.9 ± 2.7, p = 0.01, mean ± 9 5 sd) and during REM sleep, a broad decrease in power across most frequencies ( Figure 3D ). 9 6
Previous work has described a group of cortical neurons containing high levels of neuronal nitric oxide 9 7 synthase -type I nNOS+ cells -that expresses Fos during early recovery sleep, when SWA is high [34] . We 9 8
first confirmed this finding in 2 mice, in which we found that after 90 min of recovery sleep following 6 hours 9 9 of sleep deprivation most nNOS+ cells were also Fos+ (61%), and were mainly located in deep layers, as [35] in other mice (n=6) we assessed Fos expression in SOM+ cells and found that only a small subset of 0 2 SOM+ neurons were Fos+ during recovery sleep. Conversely, many Fos+ cells during recovery sleep were not 0 3 SOM+ cells, and Fos+ cells were found in all cortical layers (Suppl. Figure 4) . It should be noted that the mean 0 4 firing rates of most cortical cells are only slightly decreased throughout sleep relative to wake and the 0 5 relationship between spontaneous neuronal activity and Fos expression is not straightforward [36] . [21] ( Figure 4A ). Optogenetic stimulation of PV+ cells produced a more transient silencing in response to laser 1 0 pulses than did optogenetic activation of SOM+ cells ( Figure 4B ; latency to first spike post-pulse, mean ± sd; 1 1 SOM+ 110 ± 38 ms; PV+ 50 ± 15 ms, p=0.007; 7 SOM+ mice and 5 PV+ mice). Next, we confirmed that CNO p<0.05; Figure 4G ). PV+ cell activation also increased the duration of behaviorally and polygraphically defined ± 8% decline in MUA, hours 8-12 post-CNO vs. hours 1-6 pre-CNO), much more than after activation of 1 9 8 SOM+ cells (27 ± 6% decline; p=0.0009). In contrast, PV+ cell activation led to a broad increase in EEG power 2 0 during REM sleep (from SWA to beta, all p<0.05; Figure 4G ) and during wake (from SWA to alpha, all p<0.05; 2 1 Figure 4G ). sleep duration. Previous studies [32, 37, 38] have also shown that changes in the "intensity" of NREM sleep, as Clustering results for one well-isolated unit, in green, tagged by ChR2 stimulation (putative SOM+). Yellow changes for all SOM+ and SOM-channels (7 mice). Inset, expanded Y axis to show the firing of SOM+ during sparse activity in the somatosensory cortex. Nature neuroscience 10, 743-753. 
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